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,/- 2. 1 .O INTRODUCTION 

1.1 PURPOSE 

This Work Plan for supplemental sampling at Site 2 - Fire Training Area at the Naval Weapons industrial 

Reserve Plant (NWIRP) in Calverton, New York was prepared by Tetra Tech NUS, Inc. (TtNUS) under 

the Comprehensive Long-Term Environmental Action Navy (CLEAN) Contract N63472-03-D-0057, 

Contract Task Order (CTO) 004. 

,r- 

This work is part of the Navy’s Installation Restoration (IR) Program, which is designed to identify 

contamination of Navy and Marine Corps lands and facilities resulting from past operations and to 

institute remedial actions as necessary and consists of four distinct stages. Stage 1 is the Preliminary 

Assessment (PA), which was formerly known as the Initial Assessment Study (IAS). Stage 2 is a 

Resource Conservation and Recovery Act (RCRA) Facility Assessment-Sampling Visit (RFA), also . 

referred to as a Site Investigation (SI) that augments information collected in the PA. Stage 3 is the 

RCRA Facility Investigation (RFI) and Corrective Measures Study (CMS), also referred to as a Remedial 

investigation (RI) and Feasibility Study (FS) or Focused Feasibility Study (FFS) that characterizes the 

contamination at a facility and develops options for remediation of the site. Stage 4 is the Corrective 

Action, also referred to as the Remedial Action, which results in the control or cleanup of contamination at 

sites. This plan has been prepared under Stage 3. 

This work is also being conducted in accordance with the requirements of the New York State 

Department of Environmental Conservation (NYSDEC) Division of Solid & Hazardous Materials Part 373 

Permit issued to the Navy on April 18, 2000 under the NYSDEC implementing regulations [6 New York 

Codes, Rules, and Regulations (NYCRR) Part 6211. This permit supercedes and replaces the original 

Part 373 Permit to Operate a Hazardous Waste Storage Facility issued to what was then- Grumman. 

Aerospace Corporation on March 25, 1992. The new permit, issued only to.the Department of the Navy, 

deals exclusively with those Solid Waste Management Units (SWMUs) that remain on the former NWIRP 

Calverton property and any Corrective Actions that may be required to adequately address each IR site. 

Although the Part 373 Permit is the enforceable document governing the Navy’s remedial actions, the 

NYSD.EC State Superfund Group, located in the Albany office, retains primary responsibility for regulatory 

oversight of the Navy’s actions. The Navy has agreed to a request made by the NYSDEC State 

Superfund Group to utilize terminology associated with the NYSDEC State Super-fund program, which is 

closely related to the Federal Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) Program. The CERCLA terminology parallels the RCRA terminology, and the jmplementation 

phases of each have been determined to meet the substantive requirements of both programs and will 
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also satisfy the Corrective Action requirements set forth in Module It1 of the Part 373 permit. Site 2 is 

listed as Classification 2 in the NYSDEC Registry of inactive Waste Disposal Sites. 

1.2 INVESTIGATION OBJECTIVE 

The primary objective of this investigation is to define the horizontal and vertical extent of shallow 

petroleum-contaminated soils. The shallow petroleum-contaminated soils are located at a depth of 

approximately 1 to 7 feet below ground surface (bgs) and appear to act as a continuing source of 

groundwater contamination and contribute to a floating free product tayer on the groundwater table. 

Petroleum-contaminated soil is not directly regulated as a contaminant in New York State, but the soil can 

be regulated through specific constituents of the fuel, including volatile organic compounds (VOCs) and 

polynuclear aromatic hydrocarbons (PAHs). 

In additional to petroleum-based contaminants, other volatile organic compounds including chlorinated 

compounds, metals, and polychlorinated biphenyls (PCBs) are also present in site soil. Groundwater is 

located at a depth of approximately 14 to 20 feet bgs and has been observed to fluctuate by several feet 

over several years. Based on the water table elevation, residual free product at the groundwater table 

periodically exists as a smear zone below the water table. A floating free product layer is regulated by 

New York State. A layer of relatively clean soil is believed to exist between the shallow petroleum- / 

contaminated subsurface soil and the free product at the groundwater table. 

From the late 1980s and to the mid 199Os, Northrop Grumman operated a free product recovery system 

and removed approximately 325 gallons (2,400 pounds) of petroleum from the groundwater. From 1995 

to 2001, an air sparging/soil vapor extraction (AS/SVE) system was operated. This system destroyed 

approximately 30,000 pounds of petroleum through biodegradation. In 2001, petroleum saturated soils 

were identified in shallow soils (up to 7 feet bgs). A floating free product layer remains at the site, but it is 

thin (less than 1 inch) and can not be effectively recovered. 

The results of the investigation will be reported within the Engineering Evaluation/Cost Analysis to be 

prepared following the establishment of the horizontal and vertical extent of petroleum-contaminated soil. 

1.3 FACILITY LOCATION AND DESCRIPTION 

NWIRP Calverton is located in Suffolk County, Long Island, New York, approximately 70 miles east of 

New York City (Figure l-l). The facility is located within the municipality of Riverhead. The Navy’s 

property totaled approximately 6,000 acres and was formerly a Government-Owned Contractor Operated 

(GOCO) facility that was operated by the Northrop Grumman Corporation (NGC) until 1996. Of the 6,000 

acres of the facility, 3,000 acres were entirely within a fenced boundary. The majority of the industrial 

1-2 CT0 004 
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activity was confined to the south-central portion of .the fenced area. Currently, NWIRP Calverton 

consists of four parcels of land totaling approximately 358 acres. Eight Navy IR sites are included within 

these parcels as follows (Figure l-2). 

Parcel A (32 acres) 

Site 2 - Fire Training Area 

Parcel Bl (40 acres) 

Site 6A - Fuel Calibration Area 

Site 106 - Engine Test House 

Parcel 82 (131 acres) 

Southern Area 

Parcel C (IO dcres) 

Site 7 - Fuel Depot 

Site 10A - Jet Fuel Systems Laboratory 

Parcel D (145 acres1 

Site 1 - Northeast Pond Disposal Area 

Site 9 - ECM Area 

NWIRP Calverton has been owned by the United States Department of the Navy (Navy) since the early 

195Os, at which time the land was purchased from a number of private owners. The facility was 

expanded in 1958 through additional purchases of privately owned land. Northrop Grumman Corporation 

(previously Grumman Aerospace Corporation) leased the land and was the sole operator of the facility 

from its construction until February 1996. In 1996, the land was returned to the Navy. 

In September 1998, the majority of the land within the developed section of the facility was transferred to 

the Town of Riverhead for redevelopment. Because of the need for additional environmental 

investigation and the potential need for remediation, the Navy retained four parcels of land within the 

developed section (Figure 1-2). 

In September 1999., 2,935 acres of undeveloped land outside the fenced areas were transferred to 

NYSDEC who will continue to manage the property for resource conservation and recreational uses. An 

additional 140 acres of the northwest buffer zone were transferred to the Department of Veterans Affairs 

and will be used for expansion of the Calverton National Cemetery. 

I-3 CT0 004 
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NWIRP Calverton was constructed in the early 1950s for use in the development, assembly, testing, 

refitting, and retrofitting of naval combat aircraft. The facility supported aircraft design and production at 

the Northrop Grumman’s Bethpage facility, which is located in Nassau County, New York. 

The majority of industrial activity at the facility was confined to the developed area in the central and 

south central portion of the facility between the two runways. Industrial activities at the facility w&e 

related to the manufacturing and assembly of aircraft and aircraft components. Operations that resulted 

in hazardous waste generation included but were not limited to metal finishing processes such as metal 

cleaning and electroplating, other maintenance operations, temporary storage of hazardous waste, 

fueling operations, and various training operations. The painting of aircraft and components resulted in 

additionat waste generation. 

1.4 SITE LOCATION AND DESCRIPTION 

Site 2 - Fire Training Area (the focus of this Work Plan) is located on the eastern side of a g-acre clearing 

in the south-central area of the NWIRP Calverton facility and is shown on Figure 1-3. A circular, concrete 

pit in the southeast corner of the clearing was used to contain liquids for fire training exercises. The pit is 

approximately 80 feet in diameter and is located approximately 500 feet north and 800 feet west of the 

facility south gate. A 1 ,OOO-gallon, steel, aboveground storage tank located approximately 75 feet north 

of the training pit was used to store fuel. This tank was removed in 1996. A 6,000-gallon storage tank 

was located north of the training area before 1982. Little information is available on the 6,000-gallon 

storage tank, other than it was likely an aboveground tank located north of the concrete pit and is no 

longer present at the site. 

The eastern portion of the fire training area was partially excavated at an unknown time. A small 

embankment up to 4 feet high is located along the eastern edge of the area, and a dirt access road is 

located along the southern edge. The fire training area is surrounded by woodlands. The majority of the 

area within the clearing to the west of the concrete pit is covered by marsh-type vegetation, although 

there is no evidence of standing water. The water table is approximately 14 to 20 feet bgs. 

1.5 WORK PLAN FORMAT 

Section 1.0 of the Sampling and Analysis Work Plan is this brief introduction. Section 2.0 describes the 

field tasks and methodologies in detail. Lastly, Appendix A contains the appropriate Standard Operating 

Procedures (SOPS) needed to perform the identified work, and Appendix B contains the required field 

forms. 

l-4 CT0 004 
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1.6 SCHEDULE 

Field activities for the Sampling and Analysis Plan are scheduled to begin in early May 2005 and are 

anticipated to continue for 3 to 5 days. 

1-5 CT0 004 
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2.0 FIELD TASKS 

2.1 SAMPLE AREA 

To facilitate the field investigation, Site 2 is divided into three areas of investigation, as follows: 1) soil 

sampling at the shallow petroleum-contaminated soil area; 2) soil sampling at the concrete pit (former 

burn pit); and 3) soil sampling beyond the perimeter of the shallow petroleum-contaminated soil area. 

The field tasks for each of the sample areas are presented in Sections 2.2,2.3 and 2.4. The detailed field 

procedures are presented in Section 2.5 and the SOPS are provided in Appendix A. 

Table 2-1 provides a summary of the field tasks with rational. Table 2-2 provides a summary of soil 

boring identification number, sample identification, sample depths, and analyses including quality 

assurance (QA) and quality control (QC) samples. Lastly, Table 2-3 summarizes the analytical methods 

for each analysis, bottleware, preservation requirements, holding times, and number of samples. Figure 

2-l presents the investigation area and proposed sample locations. 

2.2 SOIL SAMPLING AT THE SHALLOW PETROLEUM-CONTAMINATED SOIL AREA 

The.objectives of the work within the shallow petroleum-contaminated soil area .are to ‘confirm the 

presence of petroleum and individual contaminants anb to establish the horizontal and vertical extent of 

the petroleum-contaminated soil. Four soil borings will be installed into the water table in this area, 

(approximately 16 to 20 feet below ground surface (bgs)) (FT-SB-201 to FT-SB-204). Because of recent 

precipitation events, the free product normally at or above,the water table may be present as a smear 

zone below the water table. One or more of the initial borings may be installed up to 24 feet below 

ground surface to determine the presence and depth of a smear zone. 

Continuous soil samples will be taken using direct push technology (DPT). Table 2-2 summarizes the. 

samples and sampling depths for the proposed borings in this area. Based on field observations [visual 

and photo ionization detector (PID) readings], three samples from each boring (12 total) will be submitted 

to an analytical laboratory for TPH analyses. The samples will- be identified in the field to represent 

subsurface shallow petroleum-contaminated soils, free product at the water table, and from the soil 

interval in between these two units. Sampie depths for chemical testing will not necessarily correspond to 

4-foot intervals associated with the macro core samplers. 

2-1 CT0 004 
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In addition, four soil samples that are representative of the shallow petroleum-contaminated soils will be 

analyzed for VOCs, PAHs, PCB/pesticides, and TAL metals. The proposed boring locations are identified 

on Figure 2-l. 

Following laboratory analysis of the collected soil samples, the analytical data will be used to classify the 

petroleum-contaminated soil for reuse/disposal. In particular, petroleum-contaminated soils are 

commonly reused on Long Island at asphalting plants. PCBs in the soil limit this potential reuse and 

would require the soils to be disposed elsewhere in a landfill. 

Analytical data received from the laboratory will be subjected to a cursory validation process. A full data 

validation process is not required for this data since results will not be use to establish risk or clean up 

goals. 

2.3 SOIL SAMPLING AT THE CONCRETE PIT (FORMER BURN PIT) 

The objectives of the work within the concrete pit are similar to that for the shallow petroleum- 

contaminated soils described in Section 2.2 and include confirmation of petroleum and individual 

contaminants in this area and to establish the horizontal and vertical extent of the petroleum- 

contaminated soil. 

Another objective of work in this area will be to estimate the thickness of the concrete. It is anticipated 

that the concrete pit will be demolished in the near future, and an accurate quantity estimate will be 

required to support this effort. As such, holes will be drilled through the concrete at the boring locations, 

and the thickness of concrete will be measured. 

Four soil borings will be installed in this area into the water table (approximately 16 to 20 feet bgs)(FT-SB- 

205 to FT-SB-208). Continuous soil samples will be taken using DPT. Table 2-2 summarizes the 

samples and sampling depths for the proposed borings in this area. Based on field observations 

approximately 3 samples per boring (12 total) will be submitted an analytical laboratory for TPH analysis. 

In addition, one soil sample that is representative of the shallow petroleum-contaminated soils will be 

analyzed for VOCs, PAHs, PCB/pesticides, and TAL metats. The proposed boring locations are identified 

on Figure 2-l.. 

The data will be evaluated as indicated in Section 2.2. 

2-2 CT0 004 
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2.4 SOIL SAMPLING BEYOND THE PERIMETER OF THE SHALLOW PETROLEUi’l- 

CONTAMINATED SOIL AREA 

The primary objective of work in this area is to evaluate the potential for TPH, VOC, PAH, PCBlpesticide, 

and metal contamination to extend horizontally beyond the extent of the shallow petroleum-contaminated 

soils. fn addition, surface soils samples wilt be tested for PAHs, PCB/pesticides, and metal contamination 

to evaluate potential risks to human health and the need for remedial activities of the surface soils. The 

boring locations were selected to be beyond the current estimate of the extent of the shallow petroleum- 

contaminated soil area. 

Fourteen soil boring locations are currently shown to be investigated (FT-SB-209 to FT-SB-222). Based 

on findings from these 14 soil borings, as weft as the findings from the other eight soil borings, additional 

soil borings may be installed. 

The soil borings will normally be installed into the water table. In the event that free product is not 

observed at the water table, or in a smear zone, in an adjacent boring (FT-SB-201 to FT-SB-208), some 

of the borings may be terminated at approximately 8 feet bgs. As with the other soil borings at the site, 

continuous soil cores wilt be taken using DPT. 

If, based on field screening, the proposed borings are beyond the field observed extent of shallow 

petroleum-contaminated soils, then a sample will be collected from 1 to 4 feet bgs and submitted for 

chemical testing. If soil in the upper 8 feet of these borings shows field evidence of significant 

contamination(staining and elevated PID reading), then soil samples will not be collected from that soil 

boring and an additional soil boring will be installed at a greater distance outward from the petroleum- 

contaminated soil. Samples for analytical testing in these borings should not exhibit field evidence of 

contamination. Soil samples will only be collected from nine of the 14 perimeter borings shown. 

Surface soil samples will be collected at five soil boring locations (FT-SS-209, -211, -212, -214, and - 

215). The samples will be collected from the ground surface to a depth of one foot. A separate sample 

trowel will be used to collect these samples. 

Based on historical data, it is not certain whether the extent of shallow petroleum-contaminated soil or the 

extent of the free product at the groundwater table is greater. Since defining the extent of the shallow 

.petrofeum-contaminated soil is a primary objective, soil borings will continue outward until clean shallow 

soils are encountered. If time permits, additional borings may be installed to better define the extent of 

2-3 CT0 004 
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free product (or smear zone) at the groundwater table and/or may be installed within the existing soil 

boring sampling grid to potentially reduce the estimated area of contaminated soils. 

’ 

Table 2-2 summarizes the samples and sampling depths for the proposed borings in this area. Samples 

will be submitted an analytical laboratory for TPH, VOC, PAH, PC&pesticide, and TAL metal analysis. 

Th.e proposed borings locations are identified on Figure 2-1. Based on field observations, additional 

borings may be installed either closer to the area of known petroleum contamination or further out if 

contamination is observed in a specific boring. 

The data will be evaluated as indicated in Section 2.2. 

2.5 FIELD PROCEDURES 

All field procedures shall be conducted in accordance with the site Health and Safety Plan and the site 

Quality Assurance Project Plan (QAPP) (both documents are provided under separate cover). 

The field activities will include the following tasks: 

0 Mobilization 

0 Soil Boring, Sampling, and Decontamination 

’ l Soil Sample Designation, Handling, Analysis, and Field Documentation 

l Investigation Derived Wastes Handling 

l Quality Assurance/Quality Control 

The following sections describe these activities. 

2.5.1 Mobilization 

TtNUS will prepare specifications and obtain subcontractors for the drilling and analytical work associated 

with this Work Plan. All field team members will- review this work plan and the Site Health and Safety 

Plan (provided under separate cover) prior to initiation’ of the soil sampling event. Lastly, a field team 

orientation meeting will be held to familiarize personnel with the scope of the field activities. 

2.5.2 Soil Borinq, Samplinq. and Decontknination 

The required soil samples will be collected using direct push methods. Direct push drilling will be 

performed in accordance with the methods identified in TtNUS SOP GH-1.3 “Soil and Rock Drilling 

Methods” and TtNUS SOP SA-2.5 “Direct Push Technology” provided in Appendix A. Soil samples will be 

2-4 CT0004 
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collected in accordance with the selected drilling technique. TtNUS sampling SOP SA-1.3 “Soil 

Sampling” is provided in Appendix A. Downhole sampling equipment such as rods and macro cores shall 

be decontaminated between each drilling location. Decontamination will be performed in accordance with 

the procedures presented in TtNUS SOP SA-7.1 “Decontamination of Field Equipment” provided in 

Appendix A. 

2.5.3 Soil SamMe Desinnation, Handlinq. Analvsis. and Field Documentation 

Soil Sample Designation 

Table 2-2 presents the anticipated samples to be collected during this soil sampling event. The sampling 

nomenclature assumes that multiple samples will be collected from the same boring at varying depths 

and some of these samptes will be shipped to an analytical laboratory for analysis. The sample 

designations identified in Table 2-2 assumes that samples will be collected using continuous core 

sampling.. 

Each sample designation identifies the site from which the sample was collected, the soil boring from 

which the sample was collected, and the depth from which the sample was collected. As an example, 

sample identification number FTSB201-0408 indicates that the soil sample was collected from Fire 

Training (FT), from soil boring 201 (SB201), and was collected from a depth of 4 to 8 feet (0408). 

Soil Sample Handling 

Handling soil samples includes the field-related consideration of the selection of sample containers, 

preservatives, allowable holding times, sample shipping and sample custody. Sample identification, 

packaging, shipping, and sample custody requirements are outlined in TtNUS SOP SA-6.1 “Non- 

Radiological Sample Handling” provided in Appendix A and within the approved QAPP. Summaries of 

sample containers, volume requirements, preservatives, allowable holding times, and analysis requested 

are provided in Table 2-3. 

Sample Analysis 

The proposed sample analyses are based on the past contaminant detections and anticipated future land 

use at each area. Samples submitted for laboratory for analysis will be analyzed for the compounds 

identified on Table 2-2. In addition to the soil samples collected, rinse blanks and field duplicate samples 

will also be analyzed for these parameters for quality control purposes. Each analytical sample will be 

analyzed with a 21-day turn-around time, however, the results will not be considered final until the data 

has been validated. 

2-5 CT0 004 



APRIL 2005 

Field Documentation 

Sample documentation consists of the completion of chain-of-custody reports and matrix-specific 

sheets. The log sheets wilt be used as confirmation of the presence of petroleum-contaminated 

log 
soil 

based on visual classification and PID readings. In addition, the Master Site Logbook, filled out in 

accordance with SOP SA-6.3 “Field Documentation,” provided in Appendix A, serves as the overall record 

of field activities. Information to be recorded daily in the Master Site Logbook includes weather 

conditions, identity and arrival and departure times of personnel, management issues, etc. Anticipated 

field forms for this sampling event are provided in Appendix B. 

2.5.4 lnvestiaation Derived Wastes Handlinq 

Personal Protective Equipment (PPE) and other miscellaneous trash visibly free of soil will be bagged 

and removed from the site by TtNUS for disposal as general refuse. Excess soil cuttings and 

decontamination fluids will be drummed. Drums will be staged for characterization and off-site disposal. 

The staging area will be determined by the Navy. No other investigation derived waste (IDW) will be 

generated during the course of the work. 

2.5.5 Qualitv AssuranceKktalitv Control 

Quality assurance/quality control includes assurances of correct field equipment calibration and adequate 

collection of QA/QC samples. 

All field equipment (PID) will be calibrated according to the manufacturer recommendations and at a 

frequency recommended by the manufacturer. 

QA/QC samples will be collected at the rate indicated in Table 2-2 and the QAPP established for field 

work at Calverton. Rinse or Equipment Blanks will be collected once every other day. 

2-6 CT0 004 



FIELD TASKS SUMMARY 
SOIL INVESTIGATION 

SITE 2 - FIRE TRAINING AREA 
NWlRP CALVERTON, NEW YORK 

PAGE 1 OF 2 

Contaminated Soil 
(approximately 16 to 20 feet bgs). Borings into 
the water table will evaluate possible presence 
of a smear zone located below the water table. l TPH - DROIGRO not fully address contamination in 
Collect a continuous soil core from each 

4 shallow petroleum- * Sampling at the three layers will 
o From the continuous soil core, form three confirm the suggested 

samples from each boring to be submitted to contamination in the area. 
the laboratory. Based on field screening’, o Other anatytes will be used to 
samples should correspond to: 1) shallow characterize petroleum- 

contaminated soil for 

l TAL metals 
reuse/disposal. 

of a smear zone located below the water table. . TPH - DRO/GRO 
Collect a continuous soil core from each 

1 shallow petroleum- 
* From the continuous soil core, form three contaminated 0 The thickness of the concrete is 

samples from each boring to be submitted to 
the laboratory; Based on field screening2, 
samples should correspond to: 1) shallow 

l PCB/pesticides l Sampling at the three layers will 
confirm the suggested 

petroleum-contaminated soil; 2) soil underlying contamination in the area. 
the shallow petroleum-contaminated soil: and 

e product is reached at the l TAL Metals 

e or slightly below the 
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FIELD TASKS SUMMARY 
SOIL INVESTIGATION 

SITE 2 - FIRE TRAINING AREA 
NWlRP CALVERTON, NEW YORK. 

LOCATION 

Contaminated. Soil 

1. 

2. 

3, 
4. 

TPH: 
DRO: 
GRO: 
PAH: 

3 
PCB: 

0 TAL: 

8 
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ACTIVITY 

l Install 14 soil borings beyond the extent of the 
currently estimated petroleum-contaminated 
soil area. Boring will normally be installed into 
the water table. Based on the absence of free 
product at the groundwater table in nearby soil 
borings, some boring may be installed to a 
depth of 8 feet bgs. Samples for laboratory 
testing are to be limited to borings that do not 
show field screening evidence of significant 
petroleum contamination. 

. Install additional borings as needed to define 
the horizontal extent of petroleum- 
contaminated soils. 

l Collect surface soil samples at 5 locations. 

SAMPLE 
ANALYSES 

9 subsurface soil 
samples and 5 
surface soil samples: 

* TPH - DRO/GRO 

. PAH ’ 

l PCB/pesticides 

l TAL metals 
l vocs3 

I RATIONAL 

l The horizontal extent of shallow _ 
petroleum-contaminated soil is 
unknown, Borings will be installed 
to delineate the horizontal extent of 
this contamination. The AS/SVE 
system actively treated soil 
contamination in this area4. 

* The presence and horizontal extent 
of PAH, PCB/pesticide, VOC, and 
metal contamination is unknown. 
Sample data will be used to define 
the maximum extent of remediation. 

l Residual contamination in surface 
soil is unknown. 

The shallow petroleum-contaminated soil was observed in test pits in 2001. The layer.was observed to start at 0.5 to 2 feet bgs and 
extend to a depth of 2 to 7 feet bgs. 
The shallow petroleum-contaminated is characterized in the field by a black organic-rich appearance and/or PID readings greater than 25 

twm. 
Subsurface soil samples only. 
An Air. Sparging/Soil Vapor Extraction (AS/SVE) system operated at the site from 1995 to 2000. This system removed volatile organic 
compounds and promoted biological degradation of organics at the site. 
Total petroleum hydrocarbons 
Diesel range organics 

-~ 

Gasoline range organics 
Polynuclear aromatic hydrocarbons, & 

Polychlorinated biphenyl g 
Target Analyte List i= 

WI 
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BORING SAMPLE 
NUMBER IDENTIFICATION(‘) Metals 

SAMPLE ANALYSIS 

PAHs 
PCB/ TPH - 

Pesticide 
voc 

DRO/GRO 

FTSB203-XXXX -- we _- X2 I -- 

FTSB204-XXXX x X X X X 
xxxx -- -- -- X ! -_ 

, I FT-SB-204’ pTsJyI 

I I I- I atmJ4-XXXX I -- I -- I -- I X” I -- 
I 

I FT-SB-206’ [ FTSB206-X) 

t 
I FTSB206-X) 

FTSB207-X> 
I FT-SB-2072 FTSB207-X> 

I FT-SB->b82 

2-9 CT0 004 
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SAMPLE IDENTIFICATION AND ANALYSIS SUMMARY 
SOIL INVESTIGATION .1 

SITE 2 - FIRE TRAINING AREA 
MWIRP CALVERTON, NEW YORK 

PAGE 2 OF 3 

BORING SAMPLE 

NUMBER. IDENTIFICATION(‘) Metals 

SAMPLE ANALYSIS 
PCB/ TPH- 

PAl-k DRO/GRO 
voc 

Pesticide 

-- Analysis not performed 

1. Sample depths are to be entered in feet, e.g., 0406 indicates’s sample collected from 4 to 6 feet betow 
the ground surface. 

2 The first sample in each boring should consist of shallow petroleum-contaminated soil and be collected 
between 1 and 7 feet bgs. The second sample in each boring should be collected approximately 2 to 4 
feet below the bottom of the petroleum-contaminated soil. If petroleum contaminated soils are not 

observed in the field, then the second sample in each boring should not be submitted for chemical 
‘testing. The third sample in each boring should consist of petroleum-contaminated soil near the water 
tabte. If petroleum contaminated soil is not observed at the water table, then a sample should not be 
submitted for chemical testing. 

3 Sample for laboratory analysis should only be collected if boring does not exhibit field evidence of 
petroleum contamination. Sample should be collected at a depth interval similar to shallow petroleum 
contaminated soils observed at the nearest boring. 

2-10 CT0 004 
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. SAMPLE IDENTIFICATION AND ANALYSIS-SUMMARY 
SOIL INVESTlGATlOth 
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PAGE 3 OF 3 

Rinse blanks are labied using RB to indicate rinse blank and the date to indicate the day on which the 
rinse blank was collected (e.g. 090105 represents September 1,2005). 

Duplicate samples are labled using DUP to indicate duplicate, the date to indicate the day on which the 
duplicate was collected (e.g. 090105 represents September 1, 2005), and a number to represent the 
sequental number collected that day (e.g. 01 indicates the first duplicate sample collected on the 
indicated date, 

Samples from these borings may be submitted if needed to define extent of contamination in this area. 

CT0004 , 
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SUMMARY OF ANALYTICAL PROGRAM 
SOIL INVESTIGATION 

SITE 2 - FIRE TRAINING AREA 
NWIRP CALVERTON, NEW YORK. 

TPH-DROIGRO 

Bottleware requirments may differ in mumber and size, depending on the requirements of the contracted laboratory. 
Field blanks are quality assurance (QA) samples collected at a rate of one field blank per week of sampling. 
Rinse blanks are QA samples collecteci by running laboratory provided water over decontaminated samplin,g equipment. Samples are collected at a rate of one rinse blank every two 
days. Number presented on table based on the number of days scheduled for the soil investigation (numbers are subject to change). 
Duplicate-samples are single samples split into equal portions during the single act of sampling. Duplicate samples will be collected at .a rate of 1 duplicate for every 10 environmental 
MS/MSDs (matrix spike/matrix spike duplicate) samples are QA/Quality Control (QC) checks. These samples require 3 times the normal sample volume and are performed by the 
analytical laboratory at a rate of one for every 20 environmental sainples. 
Total number of samples excludes MS/MSD samples. 
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1.0 PURPOsE 

The purpose of this procedure is to describe the methods and equipment necessary to perform soil and 
rock borings and identify the equipment, sequence of events, and appropriate methods necessary to 
obtain soil, both surface and subsurface, and rock samples during field sampling activities. 

2.0 $COPE 

This guideline addresses most of the accepted and standard drilling techniques, their benefits, and 
drawbacks. It should be used generally to determine what type of drilling techniques would be most 
successful depending on site-specific geologic conditions and the type of sampling required. 

The sampling methods described within this procedure are. applicable to collecting surface and 
subsurface soil samples, and obtaining rock core samples for lithologic and hydrogeologic evaluation, 
excavation/foundation design, remedial alfernative design and related civil engineering purposes. 

3.0 GLOSSARY 

Rock Coring - A method in which a continuous solid cylindriial sample of rock or compact rock-like soil is 
obtained by the use of a double tube core barrel that is equipped. with an appropriate diamond-studded 
drill bit which is advanced with a hydraulic rotary drilting machine. 

Wire-Line Coring - As an alternative to conventional coring, this, technique is valuable in deep hole drilling, 
since this method eliminates trips in and out of the hole with the coring equipment. With this technique, 
the core, barrel becomes an integral part of the drill rod string. The drill rod serves as both a wring device 
and casing. ’ 

4.0 R.EZiPONSIBlLtTIES 

Project Manager - In oonsultation with the project geologist, the Project Manager is responsible for 
evaluating the d,rilling raquirements for the site and specifying drilling techniques that will be successful 
given the study objectives. and the known or suspected geologic conditions at the site. The Project 
Manager also determines the. disposal methods for products generated by drilling, suoh as drill cuttings 
and well development water; as. well as any spedialized supplies or logistical support required for the 
drilling operations. 

Field Operations Leader (FOL) - The FOL is responsible for the overall supervision and schedufing of 
drilling activities, and is strongly supported by the project geologist. 

Project Geologist - The project geologist.is responsible for ensuring that standard and approved drilling 
procedures are foffowed. The geologist will generate a detailed boring log for each test hole. This log 
shalt include a description of materials, samples, method ?f sampling, btow counts, and other pertinent. 
drilling and testing information that may be obttiined during drilling (see SOPS SA-6.3 and GH-1.5). Often 
this position for inspecting the drilling operations may be titled by other geotechnical personnel, such as 
soils and foundation engineers, civil engineers, etc. 

Determination of the exact location for borings is the responsibility of the site geologist. The final location 
for drilling must be properly dotiumented on the boring log. The general area in which the borings are to 
be located will be’shown on a site map induded‘in the Work Plan and/or Sampling and Analysis Plan. 

. I. 
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Drilling Subcontractor - Operates under the supervision of the FOL. Responsible for obtaining all drilling 
permits and clearances, and supplying al! services (including labor), equipment and material required to 
perform the drilling, testing, and well installation program, as well as maintenance and quality control of 
such required equipment except as stated in signed and approved subcontracts. 

The driller must- report any major technical or analytical problems encountered in the field to the FOL 
within 24 hours of determination, and must provide advance written notification of any changes in fietd 
procedures, describing and justifying such changes. No such changes shall be made unless requested 
and authorized in writing by the FOL (with the concurrence of the Project Manager). Depending on the 
subcontract, the Project Manager may need to obtain written authorization from appropriate administrative 
personnel beftire approving any changes. 

The drilling subcontractor is responsible for following decontamination procedures specified in the project 
plan do&merits. Upon completion of the work, the drilier.is responsible for demobiliiing all equipment, 
cleaning up any materials deposited on site during drilling operations, and properly backfitting any open 
borings. 

5.0 PROCEDURES 

5.4 General 

The purpose of drilling boreholes is: 

l To determine the type, thickness, and certain physical arid-chemical properties of the soil, water and 
rook strata which underlie the site. 

l To install monitoring wells or piezometers. 

Ail drilling and sampling equipment will be cleaned between samples and borings using appropriate 
decontamination procedures as outlined in SOP SA-7.1. Unless otherwise specified,, it is generally 
advisable to drill borings at “clean” locations first, and at the most contaminated locations last, to reduce 
the risk of spreading contamination between locations. Ail borings must be logged by the site geologist as ’ 
they proceed (see SOPS SA-6.3 and GH-1.5). Situations where logging would not be required would 
include installation of muttiple well points within a small area, or a “second attempt” boring adjacent to a 
bonng that could not be continued through resistant material. in the latter case, the boring log can be 
resumed 5 feet above the depth at which the initial boring was abandoned, although the site geologist 
should still Confirm that the stratigraphy at the redrilled location conforms essentially with that encountered 
at th.e original location. If significant diffarences are seen, each hole should be togged separately. 

5.2 Driiiing Methods 

The selected drilling methbds.described below apply to drilling in subsurface materials, including, but not 
limited to, sand, gravel, clay, silt, cobbles, boulders, rock and han-made fill. Drilting methods should be 
selected after studying the site geology and terrain, the waste conditions at the site, and reviewing the 
purpose of drilling and the overall subsurface investigation program proposed for’the site. The full range 
of different drilling methods applicable to the proposed program should be identified with final selection 
based on relative cost, availability, time constraints, and .hoti well each. method meets the sampling and 
testing requirements of the individual drilling program. 

Tetra Tech NUS, Inc. 
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52.1 Continuous-Flight Hollow-Stem Auger Drilling 

This method of drilling consists of rotating augers with a hollow stem into the ground. Cuttings are 
brought to the surface by the rotating action of the auger. This method is relatively quick and inexpensive. 
Advantages of this type of drilling include: 

l .Samples can be obtained without pulling the augers out of the hole. However, this is a poor. method 
for obtatmng grab samples from thin, discrete formations b+wse of mixing of soils which occurs as 
the material is brought to the surface. Sampling of such formations req@re& the use of split-barrel or 
tbinYwall tube samplers advanced through the hollow core of the auger. 

0 No drilling fluids are required. 
o A welt can be installed inside the auger stem and backfilled as the augers are withdrawn. 

,Disadvantages and limitations of this method of drilling include: 
/ 

e Augering can only be done in unconsolidated materials. 

* The inside diameter of hollow stem augers used for well .installation should be at least 4 inches 
greater than the well casing. Use of such-largediameter hollow-stem augers is more expensive than 
the use of small-diameter augers in boreholes not used for welt installation Furthermore, the density 
of unconsolidated materials and depths become more of a limiting factor.. More-friction is produced 
with the larger. diameter auger and subsequently -greater torque is needed to advance the boring. 

D The maximum ‘effective depth for drilling is 150 feet or less, depending on site conditions and the size 
of augers .used. 

l In augering through clean sand formations below the water table, the sand will tend to flow into the 
hollow stem. when the plug is removed. for soil sampling or well- installation. If the condition of 
“running” or “flowing” sands is persistent at a site, an alternative method of drilling is recommended, 
in particular for wells or bcreboles deeper than 25 feet. 

Hollow-stem auger drilling is the preferred method of drilling. Most alternative methods require the 
introduction of water or mud downhole (air rotary is the exception) to maintain the open ‘borehole. With 
these other methods, great care must be taken to ensure that the method does not interfere with the 
collection of a representative sample (which may be the prime ‘objective of the. borehole .construction). 
With this in mind, the preferred order of choice of drilling method after hollow-stem augering (HSA) is: 

- Cable tool 
- Casing drive (air) 
- Air rotary 
- Mud rotary 
- Rotosonic 
- Drive and wash 
; Jetting 

However, the use of any method will also depend on efficiency and cost-effectiveness, In many cases, 
mud rotary is the only feasible alternative ‘to hollow-stem augering. 
acceptable as a first substitute for HSA. 

Thus, mud rotary drilling is generally 

The procedures for sampling soils through holes drilled by hollow-stem auger shalt conform. with the 
applicable ASTM Standards: D1587-83 and: D1586-84. The guidelines established in SOP SA-1.3 shall 

a2962tiP Tetra Tech NUS, Inc. 
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also be followed. The hollow&tern auger may be advanced by any power-operated drilling machine 
having sufficient torque and ram ranbe to rotate and force the auger to the desired depth. The machine 
must, however, be equipped with the accessorJi equipment needed to perform required sampling, or rock 
coring. 

The hollow-stem auger may be,u&d without the plug when boring for geotechnical examination or for well 
installation. However; when drilling below the water table, specially designed plugs which allow passage 
of formation water but not solid material shall be used.(see Reference ? of this guideiine). This drilling 
configuration method also prevents, blow back and plugging of the auger when the plug is removed for 
sampling. 

Alternately, it t-hay be necessary to keep the hollow stem full of water, at leas! to the level of the wat& 
table, to prevent blowback and plugging of the.avger. If water is added to the hole, it must: be sampled 
and aiiafyzed4o determine if it is free from contaminants prior to use. In addition, the amount of water 
introduced, the amount.recovered upon attainment of depth, and the amount of water extracted during . 
well development must be carefully logged in order to ensure that a representative, sample of the 
formation water can be obtained. Well develqpment should occur as soon after wet1 compl@on as 
practicable (see SOP GH-2.8 for well development procedures). tf gravelly or hard material is 
encountered which prevents advancing the auger to the desired depth, augering should be halted and 
either d.riven casing or hydraulic rotary methods should be attempted. If the depth to the bedrock/soil 
interface and bedrock lithology must be determined, then a 5-foot confirmatory core run should be 
conducted (see Section 5.29). 

At the option. of the Field Operations Leader (in communication with the Project Manager), when resistant 
materials prevent the advancement of‘the auger, a new boring can be attempted. The original boring 
must be properly backfilled and the new boring started a short distance away at a location determined by 
the site geologist. If multiple water bearing strata were encountered, the original boring must be grouted. 
In sqme formations, it may be prudent to also grout borings which penetrate only the water table ~aquifer, 
‘since loose soil backfill in the boring may still provide a preferred pathway for surface liquids to reach the 
water table. Backfilling requirements may also be driven by state or focal regutations. 

5.22 Continuous-Flight Solid-Stem Auger Drilling 

This drilling method is similar to holow-stem augering. Practical application of this method is severely .’ 
restricted compared to use of hollow-stem augers. Split-barrel (split-spoon) sampling cannot be 
performed without pulling the auger$ out, which may atlow the hole to collapse. The continu&&light 
‘solid-stem auger drilling method is therefore very time consuming and is not cost effective. Also, augers 
would have to be with’drawn before installing a monitoring well, which again, may allow the hole to 
collapse. Furthermore, geologic logging by examining the soils brought to the surfaoz.is unreliable, and 
depth to water may be diffltiult to determine while drilling. 

ihere would be very few situations where use of a solid-stem auger would be preferable to other’drilling 
methods. The only practical applications of this method would be to drill boreholes for well installation 
where no lithologic information is desired and the soils are such that the borehole C+I be expected to 
remain open after the augers are withdrawn. Alternatively, this-technique can be used to find depth to 
bedrock in an area when no other information is required from drilling. 

5;2.3 Rotary Drilling 

Direct rotary drilling includes air-rotary and fluid-rotary drilling. For air or fluid-rotary drilling, the rotary drill 
may be advanced to the desired depth by any power-operated drilling machine having sufficient torque 
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and .ram range to rotate and force the bit to the desired depth. The drilling machine must, however, be 
equipped with any accessory equipment needed to perform .required sampling, or coring. Prior to 
sampling, any settled drill cuttings in the borehole must be removed. 

Air-rotary drilling is a method of drifling where the drill rig simultaneously turns and exerts a downward 
pressure on the drilling rods-and bit while circulating compressed air down the inside of the drill rods, 
around the bit, and. out the annulus of the borehote. Air circulation serves to both cool the bit and remove 
the cuttings from the borehole. Advantages of this method include: 

l The drilling rate is high (even in rock). 
o The cost per foot of drilling is relatively low. 
0 Air-rotary rigs are common in most areas. 
e No drilling fluid is required (except when water is injected to keep down dust). 
l The borehole diameter is large, to allow room for proper welt installation procedures. 

Disadvantages to using this method include: 

0 Formations must be logged from the cuttings that are blown to the surface and thus the depths of 
materials logged are approximate. 

o Air blown into the formation during drilling ‘may “bind” the formation and impede well development and 
natural groundwater flow. 

i In-situ samples cannot be taken, unless the hole is ca&. 

l Casing must generally be us&d in unconsolidated materials. 

l Air-rotary drill rigs are large and heavy. 

l Large amounts of Investigation Derived Waste (IDW) may be generated which may require 
containerization, sampling, and off-site disposal. 

A variation of the typical-air-rotary drill bit is a down hole hammer which hammers the drill bit down as it 
drills. This makes drilling in hard rock faster. Air-rotary drills can also be adapted to use for rock coring 
although they are generally slower than other types .of core dritjs. A. major application of the air-rotary 
drilling method would be to drill holes in rock for well installation. 

,Fluid-Rotary dritfing operates in a similar mannerto air-rotary drilling except that a drilling fluid (“mud”) or 
clean water is used in place of air to cool the drifl bit and remove cuttings. There are a variety of fluids 
that can be used with this drilling method, including bentonite slurry and synthetic slurries. If a drilling fluid 
other than-water/cuttings is used, it must be a natural clay (i.e., bentonite) and a “background” sample of 
the fluid should be taken for analysis of possible organic or inorganic contaminants. : 

Advantages to the fluid-rotary drilling method include: 

l The ability to drill in many types of formations. 

e Relatively quick and inexpensive. 

. Split-barrel (split-spoon) or thin-wall (Shelby) tube samples can be obtained without removing drill 
rods if the appropriate size drill rods and bits (i.e., fish-tail or drag bit) are used. 
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l ’ In some borings temporary casing may not be needed aa the drilling fluids may keep the borehole 
open. 

l Driit rigs are readily available in most areas. 

Disadvantages fo this method include: ~ 

l Formation fogging is not as- accurate as .with hollow-stem auger method if split-barrel (split-spoon) 
samples are not taken (i.e., the depths of materials logged from cuttings delivered to the surface are 
approximate). 

l Drilling fluids reduce permeability of the formation adjacent to the boring to some degree, and require 
more extensive well development than “dry” techniques (augering, air-rotary). 

l No information on depth to water is obtainable while drilling. 

i Fluids are needed for drilling, and there is some question about the effects of the drilling fluids on 
subsequent water samples obtained. For this reason as well, extensive well devalopment may be 
required. 

. In very porous materials (i.e,, rubble fill, boulders, coarse gravel) drilling fluids .may be continuously 
test into the formation. This requires either constant replenishment of the drilling fluid, or the use of 
casing through this formation. 

0 Drill rigs arelarge and heavy, and must be supported with supplied water. 

9 Groundwater samples can be potentially diluted with dhlling fluid. 
1, 

f---l I 

The procedures for performing direct rotary soil investigations and sampling shall conform with the 
applicable ASTM standards: D2113-83, D1587-83, and D1566-84. 

Soil samples shall be taken as specified by project plan documents, or more frequently, if requested, by 
the project geotogist. Any required sampling shall be performed by rotation, pressing, or driving in 
accordance with the standard or approved method governing use of the particular sampling tool. 

When fieid conditions prevent the advancement of the hole to the desired depth, a new boring may be 
drilled at the request of the Field Operations Leader. The original boring shall be backfiiled using methods 
and materials appropriate for the given ske and a new boring started. a short diStance away at a location 
determined by the project geologist. 

5.2.4 Rotosonic Drilling -- 

The Rotosonic drilling method employs a high frequency vibrational and low speed rotational motion 
coupted with down pressure to advance the cutting edge of a drill string. This produces a uniform 
borehole while providing a continuous, undisturbed core sample of both unconsolidated and most bedrock 
formations. Rotosonic.driiling advances a 4-inch diameter to 12-inch diameter core barrel for sampling 
and can advance up to a l&inch ,diameter outer casing for the construction of standard and telescoped 
monitoring wells. During drilling, the core barrel is advanced ahead of the outer Garrel in increments as 
determined by the site geologist and depending upon type of. material, degree of subsurface 
contamination and sampling objectives. 
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The outer casing can be advanced at the same time as the inner drill string and core barrel, or advanced 
down over the inner -drill rods and core barrel, or after the core barrel has moved ahead to collect the 
undisturbed sample and has been pulled out of the borehole. The outer casing can be advanced dry in 
most cases, or can be advanced with water or air depending upon the formations being drilled, the depth 
and diameter of the hole, or requirements of the project. 

Advantages of this method include: 

a Sampling and well installation are faster as compared to other drilling methods. 

T Continuous sampling, with larger sample volume as compared to splitspoon sampling. 

l The ability to drill through diicuk formations such as cobbles or boulders, hard till and bedrock 
.- 

o Reduction of IDW by an average of 70 to 80 percent. 

* Well installations are quick and controlled by elimination of potential bridging of annular materials 
during well installation. due to the ability to vibrate the outer casing during removal. 

Disadvantages include: 

l The cost for Rotosonic.drilling as compared to other methods are generally higher. However, the net 
result &an be a significant savings considering reduced IDW and shortened project duration. 

0 Rotosonic drill rigs are large and need ample room to drilf, however, Rotosonic units can be placed on 
the ground or placed on an ATV. 

l There are a Eimited number of Rotosonic drilling contractors at the present time. 

5.2.5 Reverse Circulation Rotary Drilling 

The common reverse-circulation rig is a water or mud-rotary rig with a large-diameter drill pipe which 
circulates the drilling water down the annulus and up the inside of the drill pipe (reverse flow direction 
from direct mud-rotary). This type of rig is used for the construction of large-capacity production water 
wells and is not suited for small, water quality sampling welts b&ause of the use of drilling muds and the 
large-diameter hole which is created. A few speciat reverse-circulation rotary rigs are made with doubfe- 
wall drill pipe. The..dritling water or air is circulated down the annulus between the drill pipes and up inside 
the innerpipe. 

Advantages of the latter method include: 

0 The formation water is not contaminated by the drilling water. 

l Formation samples c& be obtained, from known depths. 

l When drilling with air, immediate information is available regarding the water-bearing properties of. 
formations penetrated. 

1 Collapsing of the hole in unconsotidated formations is not as great a problem as when drilling with the 
normal air-rotary rig. 
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Disadvantages in&de: 

l Double-wall, reverse-circulation drill rigs are rare and expensive to operate. 
l Placing cement grout around the outside of the well casing above a weft screen ofteti is difficult, 

especiafty when the screen and casing are placed down through the inner drill pipe before .the drill 
pipe is pulled out. 

5.2.6 .DriH-through.Casing Driver 

The driven-casing method consists of alternately driving casing (fitted with‘ a sharp, hardened casing 
shoe) into the ground using a hammer lifted and dropped by the drill rig (or an air-hammer} and cleaning 
out the casing using a t-o&y chopping bit and air or water to flush out the materials. The casing is driven 
down in stages (usually 5 feet per stage); a continuous record is kept of the blows per foot in driving the 
casing (see ‘SOP GH-1.5). The casing is normally advanced by a 300-pound hammer falfing freely 
through a height of 30 inches. Simultaneous washing and driving df the casing is not recommended. If 
this@ocedure is used, the elevations within which wash water is used .and in which the casing is driien 
must be clearly recorded. 

The driven casing method is used in unconsolidated formations only, When the boring is to be used for 
iater well installation, the driven casing used should be at least 4 inches farger in diameter than the well 
casing to be installed. Advantages to this method of driling include: 

l Split-barrel (split-spoon) sampling can be cot-&u&d while drillirig. 

l Well installation is easily accomplished. 

l Drill rigs used are relatively small and mobile. - 

.O The use of casing minimizes flow into the hole from upper water-bearing layers; therefore, multiple 
aquifers can be’ penetrated and sampled for rough field determinations of some water quatity 
parameters. 

Some of the disadvantages include: 
. 

l This method can only be used in uncotisoiidated formations. 

l The method is slower than othei methods (average drilling progress. is 30 to 50 feet per day). 

l Maximum depth of the borehole varies with the size of the drill rig and casing diameter used, and the 
nature of the formatidns drilled. 

l The cost per hour or per foot of drilling may be substantially higher than other drilling methods. 

l It is difficult and time consuming to pult back the casing if it has been driven very deep (deeper than 
50 feet in many formations). 

‘5.23 Cable Tool Drilling 

A cable tool rig uses a heavy, so!id-s&l, chisel-type drill bit (“tool”) suspended on a steel cable, which 
when raised and dropped, .chisefs or pounds a hate through the soils and rock. Drilfitig. progress may be 
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expedited by the use of. “slipYjars” which serve as a cable-activated down hole perGussion device to 
hammer the bit ahead. 

When. drilling through the unsaturated zone, some water must be added to the hole. The cuttings are 
suspended in the water and then bailed out periodically. Below the water table, after sufficient ground 
water enters the borehole to replace the water removed by bailing, no further water needs to be added. 
When soft caving formations are encountered, it is usually necessary to drive casing as the hole is 
advanced to prevent collapse of the hole. Often the drilling can be only a few feet below the bottom of the 
casing; Because the drill bit is lowered through the casing, the hole created by the bit is smaller than the 
casing. Therefore, the casing (with a sharp, hardened casing shoe on the bottom) must be driven into the 
hole (see Section 5.2.5 of this guideline). 

Advantages 6f the cable-tool method include the following: 

l Information regarding water-bearing zones is readily avaifable during the drilling. Even relative 
perm&abilities,and rough water quality data fiqrn different zones penetrated can be obtained by skilled 
operators. 

l The dable-tool rig can operate satisfactorily -iA all formations, but is best suited for caving, boulder, 
cobble or coarse gravel type formations (e.g., glacial till) or formations with.large cavittes above the 
water table tsuch as limestones). 

* When casing is used, the casing seals formaiion water out of the hole, preventing down hole 
contamination and aflowing sampling of deeper aquifers for field-measurable water quality 
parameters. 

l Split-barrel (split-spoon) or,thin-wall (Shelby) tube samples can be collected through the casing. 

Disadvantages include: 

o Drilling is Slow compared witfn rotary rigs. 

o The necessity of driving the casing in unconsolidated formatio,ns requires that the casing be pulled 
back if exposure of selected water-bearing zones, is de&@. This process complicates the tie11 
completion process and oft&n increases cost& There is also a chance that the casing may become 
stuck in the hole. 

l The relatively large diameters required (minimum of 4-inch casing) plus the cost of steel casing result 
in higher costs compared to rotary drilling methods where casing is not required (e.g., such use of a 
hollow-stem auger). 

l Cable-tool rigs have largely been replaced by rotary rigs. In some parts of the U.S.;availability may 
be difficult. 

5.2.8 Jet Drilling (Washing) 

Jet drilling, which should be used only for piezometer or vaddse zone sampler installation, consists of 
pumping water or drilling mud down through a small diameter (q/2- to 2-inch) standard pipe (steel or 
PVC). The pipe may be fitted with a chisel bit or a special jetting screen. Formation materials dislodged 
by the bit and jetting action of the water are brought to the surface through the annulus around the pipe. 
As the pipe i.s jetted deeper, additional lengths.of pipe .may be added at the surface. 
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Jet percussion is a variation of the jetting method, in which the .casing is driven. with a drive weight. 
Normally, this method is used to place 2-inch-diameter casing in shallow, unconsolidated sand 
formations, but this method has also been used to install 3- to 4-inch-diameter casings to a depth of .. 
200 feet. 

Jetting is acceptable in very soft formations, usually for shallow sampling, and when introduktion of drilling 
water to the formation is acceptable. Such conditions woufd occur during rough stratigraphic investigation 
or installation of piezometers for water level measurement. Advantages of this method include: 

l Jetting is fast and inexpensive. 

l Because of the small amount of equipment required, jettjng can be accomplished in locations where 
access by a normal drilfing rig would be very difficult. For example, it would be possible to jet down a 
well point in the center of a lagoon at a fraction of the cost of using a drill rig. 

1 

l Jetting numerous well points just into a shallow water table is an inexpensive method for determini& 
the water table contours, hence flow direction. 

Disadvantages include,the following: 

l A large amount of foreign water or drilling mud is introduced above and into the .formation to be 
sampled. 

0 Jetting is usually done in very soft formations which are subject to caving. Because of this caving, it 
is often not possible to place a grout seal above the screen to assure that water in the well is only 
from the screened interval. 

l The diameter of the casing is usually limited to 2 inches. 

l Jetting is only possible in very soft formations that do not contain boulders or coarse gravel, and the 
depth limitation is shallow (about 30 feet without jet percussion,equipment).. 

0 Large quantities of water are often needed.‘ 

5.2.9 Drilling with a Hand Auger 

This method is applicable wherever the formation, total depth of sampling, and the site and groundwater 
conditions are such as to allow hand auger drilling. Harid augering can also be considered at locations 
where drill rig access is not possible. AIt hand auger borings will be performed according’ to 
ASTM Q1452-80: 

Samples should be taken continuously unless otherwise specified by the project plan documents. Any 
required sampling is performed ‘by iotation, pressing, or driving in accordance with the standard or 
approved method governing use of the particular sampling tool. Typical equipment used for sampling and 
advancing shallow “hand auger” holes are lwan sampbrs (which are rotated) or post hole diggers (which 
are operated like tongs). These techniques are slow but effective where-largei pieces of equipment do 
not. have access, and where very shallow -holes are desired (less.than 15 feet). Surficial soils must be 
composed 6f relatively soft and non-cemented formations to allow penetration by the auger. 

/-\ 
, 
\ 
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s.2.10 Rock Drilli?g and Coring 

When soil borings cannot be continued using augers or rotary methods due to the hardness of the soil or 
when rock or large boulders are, encountered, drilling and sampling can be performed using a diamond bit 
corer in accordance with ASTM D2113. 

Drilling is done by rotating and applying downward pressure to the drill rods and drill bit. The drill bit is a 
circular, hollow, diamond-studded bit attached to the outer core barrel in a double-tube core barrel. The 
use of single-tube core barrels is not recommended, as the rotation of the barrel erodes the sample and 
limits its use for detailed,geological evaluation. Water or air is circulated down through the drill rods and 
annular space between the core barrel tubes to cool the bit and remove the cuttings. The bit cuts a core 
out of the rock which rises into an inner barrei mounted inside the outer barrel. The inner core barrel and 
rock core are removed by lowering a wire line with ti coupling into the drill rods, latching onto the inner 
barrel and withdrawing the inner barrel. A less efficient vagation of this method utilizes a core barrel that 
cannot be removed without pulling all of the drill rods. This variation is practical only if less than 50 feet of 
core is required. 

Core borings are made through the casing used for the soil borings. The casing must be driven and 
sealed into the rock formation to prevent seepage from the overburden into the hole to be cored (see 
Section 5.3 of this guideline). A double-tube core barrel with a diamond bit and reaming sheti or 
equivalent should be used to r&over rock Cores .of a size specified in the project plans. The most 
common core barrel diameters are listed in Attachment A. 

Soft or decomposed rock should be sampled with a driven split-barrel whenever possible or cored with a 
Denison or Pitcher sampler. . 

When coring rock, including shale and claystone, the speed of the drill and ‘the drilling pressure, amount 
and pressure of water, and length of run can be varied to give the maximum recovery from the rock being 
drilled. Should any rock formation be so soft or broken that the pieces continually fail into the hole 
causing unsatisfactory coring, the hole should be. reamed and a flush-joint casing installed to a point 
below the broken formation. -The siie of the flush-joint ,casing must permit securing the core size 
specified. When soft or broken rock is anticipated, the length of core runs should be reduced to bess than 
5 feet to avoid core loss and minimize core disturbance. 

Advantages of core drilling iilcfqde: 

l ‘Undisturbed rock cores can be recovered for examination and/or testing. 
l In formations in which the cored hole will remain open without casing, water from the rock fractures 

‘may be recovered from the well without the installation of a well screen and gravel pack. 
o Formation logging is extremely accurate. 

Drill rigs arB relatively small and mobile. l 

Disadvantages include: 

IC Water or air is needed for drilling. 
o Coring is slower than rotary drilling (and more expensive): 
l Depth. to water. cannot accurately be determined if water is used for drilling. 
0 The size of the borehoie is limited. 
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This drilling method is useful if accurate determinations of rock iithology are desired or if open wells are to 
be installed into bedrock: ‘To Install larger diameter wells in coreholes, the hole must be reamed out to the 
proper size after boring, using air or mud rotary drilling methods. 

5.2.11 Drilling & Support Vehicles 

In addition to the drilling method required to ac&mplish the objectives of the field program, the type of 
vehicle tinying the drill rig and/or support equipment and its suitability foi the, site terrain, will often be an 
additional deciding factor in planning the drilling program. The types of vehicles available are extensive, 
and depend upon the particular drilling subdontractor’s fleet; Most farge drilling subcontractors will have a 
wide’vtiriety .of vehicle and drill types suited for most drilljng assignments in their particular region, while 
smaller drilling subcontractors will usually have a fleet of much more limited diver&y. Ttie %eight;size, 
and means of locomotion (tires, tracks, etc.) of the drill rig must be-selected to be compatible with the site 
terrain to assure adequate mobility between borehole locations. Such considerations also apply to 
necessary support vehicles used to transpdrt water and/or drilling materials to the drill rigs at the borehole 
locations. VVhFn the drill rigs qr support vehicles do iiot have adequate mobility to easjly trhverse ttie site, 
provisions must be made for assisting .equipment, such as bulldozers, winches, timbdr planking, etc., to 
maintain adequate piogr&s during the drilling program. 

Some of the typical vehicles which are usuaHy available for drill rigs and support equipment are: 

. Totally portable drilling/sampling equipment, where all tiecessary components (tripods, samplers, 
hammers, catheads, etc.} may be hand carried to the borehole site. Drilling/sampling methods used 
with such equipment include: 

‘. 
- Hand augers and lightweight motorized augers. . . : 
- Retractable plug samplers-driven by hand (hammer).. 
- Motorized cathead’: a iightweight~aluminum tripod with a small gas-engine cathead mounted on , 

one leg, used to install smalldiameter cased borings. This rig. is sometimes called a “monkey on . 
a stick.” 

l Skid-mounted ‘drilling equipment containing a rotary drill or engine-driven cathead (to lift hammers and 
drill string), a pump, and a dismounted tripod. The skid is pushed, dragged, or winched (using the 
cathead drum) between boring locations. 

. Small truck-mounted drilling equipment using a Jeep, stake body or other IiGht t&k (4 to 6 wheelsj, 
upon which are mounted the drill and/or a cathead, a pump, and a tripod or small drilling den&k. On 
some rigs, the drill arid/or a cathead are driven by 6 power take-off from the truck. instead of by ‘a 
separate engine. 

. Track-mounted drilling equipment is similar to truck-mounted rigs, except that the vehicle used ha? 
wide buHdozer tracks for traversing soft ground. Sometimes a confinuous-track “all terra@ vehicle” is 
also modified for this purpose. Some types of tracked drill rigs are called “bombardier” or “weasel” 
rigs. 

l Heavy truckimounted drilling equipment is mounted on tandem or dual tandem trucks to transport the 
drill, derrick, winches, and pumps of compressors. The drill may be provided with a separate-engine 
or may use a power take-off from the truck engine.. Large augers, hydraulic rotary ‘and reverse 
circulation rotary drilling equipment are usuatiy mounted on such heavy duty trucks. For soft:ground 
sites, the. drilling equipment is sometimes mounted on vehicles having low pressure, very wide 
diameter tires $nd capable of floating; these vehicles are called “swamp buggy” rigs. 
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l lVlarine drilling equipment is mounted on various floating equipment for drilling borings in fakes, 
estuaries and other bodies of water. The floating equipment varies, and is often manufactured or 
cu.stomized by the drilling subcontractor to suit specific drilling requirements. Typidally, the range of 
flotation vehicles include: 

- Barrel-float rigs - a drill rig mounted on a timber platform buoyed by empty Wgallon drums or 
similar flotation units. 

- Barge-mounted drill rigs. 

Jack-up platforms - drilling equipment. mounted on a floating platform having retractable legs to 
support the unit on the sea dr lake bed when the platform is jacked up out of the water. 

- Drilt ships - for deep ocean drilling. 

In addition to the mobility for the drilling equipment, similar consideration must be given for equipment to 
support the drilling operations. Such vehicles or floating equipment are needed to transport drill water, 
drilling supplies and equipment, samples, drilling personnel, etc.‘to and/or from various boring tocations. 

5.2.12 .’ Equipment Sizes 

In planning subsurfa&e exploration programs, care must be taken in specifying the various drilling 
components, so that they will fit properly in the boring or well. 

For drilling open boreholes using rotary drifting equipment; t&cone dritl bits are employed with air, water 
or drilling mud to remove cutfings and wof the bit. T&cone bits are slightly smaller than the holes they 
drill (i.e., 5-7/8-inch or 7-7/8-in& bits wifl nominally drill 6-inch and 8-&h holes, respectively). 

For obtaining split-barrel samples of a formation, samplers are commonly manufactured in sizes ranging 
from 2 inches to 3-l/2 inches in. outside diameter. However, the most commonly used size is the 
Z-inch O.D., .?-3/8&tih I.D. split-barrel sampler. When this sampler is used and driven by a 140~pound 
(k Zpound) hammer dropping 30 inches (k 1 inch), the procedure is called a Standard Penetration Test, 
and the blows per foot required to advance the sampler into the formation can be correlated to the 
formation’s density or strength. 

In planning the dtilling of boreholes using hollow-stem augers or casing, in which thin-wall tube samples 
or diamond core drilling will be performed, refer to the various sizes and clearances provided in 
Attachment A of this guideline. Sizes selected must be stated in the project plan documents. 

5.2.b Estimated Driliing Progress 

To estimate the anticipated rates of drilling progress for a site,. the following must be considered: 

l The speed of the drilling method employed. 

e Applicable site conditions (e.g., terrain, mobility between. borings, difficult drilling conditions in 
bouldery soils, rubble fill or-broken rock, etc.). 

0 Project-imposed restrictions (e.g., drilling while wearing personal protective equipment, 
decontamination of drilling equipment, etc.). 
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Based on recent experience in drilling average soil conditions (no boulders) and taking samples at 5- 
foot intervals, for moderate depth (30 feet to 50 feet) boreholes (not including installation or development 
of, wells), the foilowing daily rates of total drilling progress may be anticipated for the following drilling 
methods: 

: 
5.3 Prevention of Cross-Chtamination 

A telescoping or multiple casing technique minimizes the potential for the migration of contaminated 
grbundwater to lower strata below a confining layer. The telescoping technique consists of drilling .to a 
confining layer utilizing a spun &sing method.with a diamond cuttirig or augering shoe (a method similar 
to the rock coring method described in Section 5.2~10, .except that larger casing is used) or- by using a 
driven-casing method (see Section 5.2.6 of this guideline) and instalting a specified diameter steel well 
casing. The operation consists of three separate steps. Initially, a drilling casing (usually of 8-inch 
diameter} is installed followed by installation of the well casing ((j-inch-diameter is commpn for 2-inch 
,wells). This well casing is driven into the confining layer to ensure a tight seat at the bottom of the hole. 
The well casing is sealed at the bottbm with a bentonite-cement slurry. The remaining depth of the boring 
is drilled utilizing a narrower diameter spun .or.driven casing technique within the outer well casing. A 
smaller diameter well casing with an appropriate length of slotted screen.on the lower end, is installed to 
the surface. 

Clean sand is @aced in the annulus around and to a point of about 2 feet above the screen prior to 
withdrawal of the drilling casing. The annular space above the screen and to a point 2 feet above the 
bottom of the outer well casirig is sealed &th a tremied cement-bentonite slurry which is pressure-grouted 
or displacement-grouted into the hole. The remaining casing annulus is backfilled with clean material and 
grouted at the surface, or it iS grouted all the way to the surface. 

5.4 Cteanout of Casing Prior to Sampling 

The boring hole must be completely cleaned of disturbed soil, segregated coarse material and clay 
adhering to the inside w&s of the casing. The cleaning must extend to the bottom edge of the casing 
and, if possible, a short distance further (1 or 2 inches) td. bypass disturbed soil resulting from the 
advancement of the casing. Loss of wash water duririg cleaning should be recorded. 

L 
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For disturbed samples both above and below the water table and where introduction of refatively large 
volumes of wash water is permissible, the cleaning operation is usually performed by washing the 
material out of the casing with water; however, the cleaning should never be accomplished with a strong, 
downward-directed jet which wilf disturb the underlying soil. When clean out has reached ttie bottom of 
the casing or slightly below (as specified above), the string of tools should be lifted one foot off the bottom 
with the water still flowing, untilthe wash water coming out of the casing is clear of granular soil particles. 
tn formations where the cuttings contain gravel and other larger particles, it is often useful to repeatedly 
raise and low&r. the drill rods and wash bit while washing out the hole, to surge these large particles’ 
upward out of the hole. As a time saver, the drilling contractor may be permitted to use a split-barrel 
(split-spoon) sampler with the ball check valve removed as the clean-out tool, provided the material below 
the spoon is not disturbed and the shoe of theYspoon is not damaged. However, because the ball check 
valve hasbeen removed, in some formations it may be necessary to install a fiap valve or, spring sample 
retainer in the split-spoon .bit, to prevent the sample from falling out as the sampler is w/thdrawn from the 
hole. The use of jet-type chopping-bits is discouraged except where large boulders and cobbles or hard-, 
cemented soils are encountered. If water markedty softens the,soits above the water table, clean out 
should be performed dry with an auger. 

For.undisturbed samples below thewater table, or where wash water must be minimized, clean out is 
usually accomplished with an-appropriate diameter clean out auger. This auger has cutting blades at the 
bottom to cany loose material up into the auger, and upturned water jets just above the cutting blades to 
carry the removed soil to the surface. -In this manner, there isa minimum of disturbance at the top of the 
materiaf to be sampled. If any gravel material washes down into the casing and cannot be removed by. 
the clean out auger, a split-barrel sample can be taken.to remove is baiters and sandpumps should not be 
used. For undisturbed samples above the groundwater table, all operations must be performed in a dry 
manner. 

., 
If all of the cuttings created by drilling through the overlying formations are not cleaned from the borehole 
prior to sampling, some of the,probtems which, may be encountered during sampling include: 

l When sampling is attempted through the cuttings remaining in the borehole, all or part of the sampler 
may become filled with the &ings. This limits the amount of sample from the underlying formation 
which can enter and be retained in the sampler, and also raises questions as to the validity of the 
sample. 

l ‘tf’the cuttings remaining in the borehole contain coarse gravel and/or other large particles, these may 
block the bit of the sampler and. prevent any materials from the underlying formation from entering the 
sampler when the sampler is advanced. 

l In cased borings, should sampling be attempted through cuttings which remain in the lower portion of 
the casing, these cuttings could cause the sampler to become bound into the casing, such that it 
becomes very diffioult to either advance or retract the sampler. 

. When sampler blow counts are used to e&mate the density or strength of the formation being 
sampled, the presence of cuttings in the borehole will usually give erroneously high sample btow 
counts. 

To confirm that all cuttings have been .removed from the borehote prior to attempting sampling, it is 
important that the site geologist measure the “stickup” of the drill string. This is accomptished by 
measuring the assembled length of all drill rods and bits or samplers (the drill string) as they are lowered 
to the bottom of the hole, below some convenient reference point of the drill string; then measuring the 
height of this reference point above the ground surface. The difference of these measurements is the 
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depth of the drill string (lower end of the bit or sampler) below the ground surface, which must then be 
compared with the depth of sampling required (installed depth of casing or depth of borehoie drilled). If 
the length of drill string below grade is more than the drilled or casing depth, the borehole has, been 
cleaned too deeply,‘and this deeper depth of sampling must be recorded on the tog. tf the length of drill 
string below grade is less than -the drilled or casing depth, the difference represents the thickness of 
cuttings which remain in the borehole. In most cases, an inch. or two of cuttings may be left in the 
borehole with little or no problem. However; if more than a few inches of cuttings are encountered, the 
borehole must be recleaned prior to attempting sampling. 

5.5 Materials of Condruction ., 

The effects of monitoring weft construction materials on specific chemical analytical parameters are 
described-and/or referenced in SOP GH-2.8; However, there are several materials used during drilling, 
particularly drilling .fluids and lubricants, which must be used with’ care to avoid compromising the 
representativeness of soil and ground water samples. 

The use of synthetic or organic polymer siurries is not permitted at any location where soil samples for 
chemical analysis are to be collected. These slurry materials could be used for installation of long-term 
monitoring wells, but the early time data in time series collection of ground water data may then be 
suspect. If synthetic- or organic polymer muds are proposed for use at a given site, a complete. written 
justification including methods and procedures for their use must be provided by the site geologist and 
approved by the Project Manager. The specific slurry composition and the concentration of suspected 
contaminants for each site must be known. 

For many drilling operations, potable water is an adequate lubricant for drill stem and drilling tool 
connections. However, there are instances, such as drilling in tight clayey formations or in foose gravelb, 
when threaded couplings must be lubricated to avoid binding. In these instances, to be determined in the 
field by the judgment of the site geologist and noted in.the site logbook, and ,onfy after approval by the 
Project Manager, a vegetable oil or silicone-based lubricant should be used. Petroleum based greases, 
etc. will not be permitted. Samples of lubricants used- must be provided and analyzed for chemical 
parameters appropriate to the given site. 

5.6 Subsurface Soil Samples 

Subsurface soil samples are used to characterize subsurface stratigraphy. This characterization can 
indicate the potential for migration of chemical contaminants in the subsurface. In addition, definition of 
the actual migration of contaminants can be obtained through chemical analysis of the soil samples. 
Where the remedial activities may include in-situ treatment or excavation and removal of the 
contaminated soil, the depth.and areal extent of contamination must be known as accurately as possible.. 

Engineering and physicai properties of soil may also be of interest should site construction activities be 
planned. Soil types, grain size distribution, shear strength, compressibility, permeability, plasticity, unit 
weight, and moisture content are some of the physical characteristrcs -that may be determined for soil 
samples. 

Penetration tests are also described in ttiis procedure. The tests can be used to estimate various physical : 1 
dnd engineering parameters such as relative density, unconfined compressive strength, and consolidation 
characteristics of soils. 

Surface protocols for various Soil sampling techniques are discussed in SOP. SA-? .3. Continuous-core 
soil, sampling and rock coring are discussed below. The procedures described here are representative of 
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a larger number of possible drilling and sampling techniques. The .choice of techniques is based on a 
large number of variables such as cost, local geology, etc. The final choice of methods must be made 
with the assistance of drilling subcontractors familiar with the local geologic conditions. Alternative 
techniques must be based upon the underlying principles of quality assurance implicit in the following. 
procedures. 

The .CME continuous sample tube system provides a method of sampling soil continvousiy during hollow- 
stem augering; The 5foot sample barrel fits within the lead auger of a hollow-auger column. The 
sampling system can be used with a wide range of I.D. hollow-stem augers (from 3-1/4-inch to 
8-114-inch I.D.). This methitd has been used to sample many diirent materials such as dlacial drift, hard 
clays and shales, mine tailings, e@. This method is particularly used when SPT. samples are not required 
and a large volume of material is needed. Also, this method is usefu! when a v&al description of the 
subsurface lithology is required. Rotosonic drilling methods stfso provide acontinuous soil sample. 

5.7 Rock Sampling (Coring) (ASTM D2Tl3-83) 

Rock coring enables a detailed assessment of borehole conditions to be made, showing precisely all 
lithotogic changes and characteristics. Because coring is an expensive drilling method, it is commonly 
used for shtitloti studies of 500 feet or less, or for specific intervals in the’drifl hole that require detailed 
logging and/or analyzing. Rock coring can, however, proceed for thousands of .feet continuously, 
depending on the size of the drill rig, arid yields better quality data than air-rotary drilling, although at a 
substantially reduced drilling rate. : Rate of drilling .varies widely, depending on the characteristics of 
lithologies encountered, drilling methods, depth of drilling, and condition of drilling equipment. Average 
output in a ‘lo-hour day ranges from 40 to over 200 feet. Down hole geophysical logging or television 
camera monitoring is sometimes used to complement the.data generated by coring. 

Borehole diameter can be drilled t6 various sizes, depending on the information needed. Standard sizes 
of core barrels (@owing core diameter) and. casing are shown in Figure 1, 

Core drilling is ‘used when formations a;re too hard to be sampled by soil sampling methods and a 
continuous solid sample is desired. Usually, soil samples are used for overburden, and coring begins in 
sound bedrock. Casing is set into bedrock before coring begins to prevent ioose material from entering 
the borehole, to prevent loss of drilling fluid, and to prevent cross-contamination of aquifers. 

Drilling through bedrock is initiated by using a diamond-tipped core bit threaded to a drill’& (outer core 
barrel) with a rate of drilling determined by the downward pressure, rotation speed of drill rods, drilling 
fluid pressure in the borehole, and the characteristics of the rock (mineralogy, cementation, weathering). 
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FIGURE’ I 

STANDARD SKES OF CORE BARRELS AhiD CASING 

Coring- Bit Size 

n\rrr 

NominaP Set Size* 

O.D. I I.D. O.D. I 1.D. 
4 EIP3 WA I lfm n 7-2.c 

29132 1.470 0.905 -. w. I 
EX, EXL, EWG, EWM 1 I/2 13116 1.470 0.845 
AWT 4 7/Q ' 1 I Q117 1 R-75 4 ?Q4 

I~---- 
AX, AXL, AWG, AWI’. i I 1 718 1 1 3116 1.875 i 1.185 I 
BW 2 3t8 ) :I 3t4 2.345 1.750 

RX RXI RWG RWM -,., -,.-, ----, 7-‘--. I 2 3l8 I 518 2.345 1.655 I 1 
NWT 3. I 2 5116 2.965 2.313 

i NX NXI NWG NWM i ~ I 2.155 IS..‘..,. -, ,--.-, .___~_. I 3 I 2 118 2.965 
I llln- a. f3nlac) I a '214Q a RQQ ') 4ib-l nvv I J LJIdL 0 “‘I” Y.““” 3. to, 

HWG 3 29132 3 3.889 3.000 
2,3/4x37/8 3 718 2 314 3.&40 2.690 
A . . c 4M 

, 
5 j/2 4 " 5.435 3.970 

#I 7 ccr; rz h7A 
1’ x J IEL 

I 6 Y 7 3/d I ~. 7-314 I ” ,. . -. . 
I I 

Ax Wir- I:-- I I 4 7lQ I 1 

I 
I .“UU 3.SlV 

ts ItIlt= I I 
I 

I 11” 
I 

* l.lj75 1 .ooo 

RXWircalinF! I i -1 2 3/8 1 71li=. I 7 3&i 4 A17 
r .I._ -.- .- I-f”, “’ . .I._ . . ..- , I 1 I- I 

I 

NXWire line I / 3 1 1506 1 2.965 1 1.937 

* Alf dimensions are in inches; to.corivert to r$lljmeters, multiply. by 25.4. 

1 / Wire line dimensions and designations may &y,according to manufacturer. -- 
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FIGURE ,I 

STANDARD SIZES OF CORE BARRELS AND CASING 

PAGE TWd 

Size Designations, 

Casing; Rod; rod 
Casing ‘couplings 

coupling;, 
Casing 

bits; core 
barrel biti 

Rx RW 

Ex I E 

Ax A 

Casing 
Coupling 

O.D., 
Casing Inches r O.D., 

Approximate Core 
Diameter 

Inches 1 

I I I. I I 
1-188 1 1.485 1 1.160 1 1.094 1 - 1 0.735 

.965 2.345 t .I.908 

1 3.938 .I :4.625 3.890 3.500 [ 3.187 t 
1.485 1.160 1. 1.094 - 0.735 

'I.875 1.470. 1 1.375 0.845 0.905 A 
I t 2.345 i 1.875 1 f.750. 1 1.185 1 1.281 I 

2.345 
f I I 

2.965 1 1 2.125 1 1.655 1 i.750 

. 1 3.615 I 2.965 f, 2.625 1 .2.155 -12:313 i 

I I 6.790 1’ - I - i - 1 - 1 

! 1 

8.810, : - - - - 

- - 1.875 1.750 1.00.0 - I I I I I 
- - 1 2.345 1 2.250 ‘1 1.437 1 - 

- - 1 2.965 1 2.813 f 1.937 1 - 

* All dimensions are in inches; to convert to millimeters, multiply by 25;4. 

I Wire line dimensions and designations may vary according to manufacturer, t 

NOMINAL DlMEM&ZNlS FOR DRILL Ck5lMGS. AND, AtiCESSQRIES. 
(DIAMOND CORE DRILL MANUFACTURERS ASSOCIATION). .288- 

D-2889.. 
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5.7.$ Diamond Core Drilling 

A penetration of typically less than 6 inches per 50 blows using a 140~lb. hammer dropping 30 inches with 
a 2-inch split-bairel sampler &hall be considered an indication that soil sampling methods may not be 
applicable and #at coring may be necessary to obtain samples. 

When formations are encountered, that are too hard to be sampled by soil sampling methods, the. following 
diamond core driling procedure may be used: 

l 

.e 

. 

. 

. 

Firmly seat a casing into the bedrock ofi the hard material to prevent ioose materials from entering the 
hole and to prevent the loss of drilli?g fluid return. Level the surface of the rock or hard material when 
necessary by the use of a fishtail or other bits. If the drill hole can be retained open without the casing 
and if cross-contamination of aquifers in the unconsolidated materials is unlikely, leveling may be 
omitted. 

Begin the core drilling’using a double-tube swivel-core barrel of the desired size. After drilling no, 
more than 10,feet (3 m), remove the core barref from the hole and take out the core. If the core 
blocks the flow of the drilling fluid during drilling, remove the core barrel immediately. In soft 
materials, a large starting size may be specified for the coring tools; where local experience indicates 
satisfactory core recovery or where hard, sound materiats are anticipated! a smaller size or the single- 
tube type may be specified and longer runs may be drilled, NX/NW.size coring equipment is the most 
commonly used size. 

When soft .mat@ats are enkuntered that produce fess than 50 percent recovery, stop the core 
drilling. If soil samples are. desired, secure such samples in accordance with the procedures 
described in ASTM Method 0 1586 (Split-barref Sampling) or in .Method D 1587 (Thin-Walled. Tube 
Sampling); sample soils pei SQP SA-I .3. Resume. diamond core drilling when refusaf materials are 
again encountered. 

Since rock structuyes and ttie occurrence of seams,. fissures, cavities, and broken areas are among 
the most important items to be detected and described, take .special care to obtain and record these 
features. If such broken zones or cavities prevent further advance of ‘the boring, one of the following 
three steps shall be taken: ($) cement the Dole; .(2 j ream and case; or (3) case and advance with the 
next smaller size core barrel, as conditions warrant: 

In soft, seamy, or otherwise unsound rock, where core recovery may ke difficult, M-design core 
barrels may be used.. In hard, sound rock where a high percentage of c&e recovery is anticipated, 
the single-tube core barrel may be employ4d. 

5.7.2 Rock Sample Preparation and Documentation 

once the rock coring has been cotipleted a?d the core recovered, the rock core shall be carefully 
removed from the barrel, placed in a core tray (previouSly labeled “top” and “bottom” to avoid confusion), 
classified, and measured for percentage of recovery as well as the rock quality designation (RQD). Each 
core shall be described, classified, and. fogged using a uniform system as presented in SOP GH-1.5. If 
moisture content will be determined or if it is desirable to prevent drying (e.g., to prevent shrinkage of clay 
formations) or oxidation of the core, the core shall be wrapped in plastic sleeves immediately after 
logging. .Each plastic sleeve shall be labeled with indelible ink. The boring number, run number, and the 
footage represented in each sleeve shall be included, as well as designating the top and bottom-of the 
core run. 
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After sampling, rock cores shalt be placed in the sequence of recovery in weli-constructadwooden boxes 
provided by the drilling contractor. Rock cores from two different borings shall not be placed in the same 
core box unless accepted by the Project Geologist. The core boxes shall be construtited to accommodate 
at least 20 linear feet of core in rows of approximately 5 feet each and shall be-constructed with hinged- 
tops secured with screws, and a latch (usually a hook and eye) to keep the top securely fastened down. 
Wood partitions stiall be placed at the end of each core run and between rows. 

The depth from the surface of the b&ing.to the top and bottom of the drill run and run number shalt be 
marked on the wooden partitions with indelible ink. A wooden partition (wooden block) shall be placed at 
the end of each run with the depth of the bottom of the run written on- the block These -blocks will serve to 
separate successive core runs-and indicate depth intervals for each run. The order of placing cores shall 
be the same in all core boxes. Rook core shall be placed in the box so that, when the box is open, with 
the insfde of the lid facing the observer, the top of the cored interval contained within the .box is in the 
upper left corner of the box, and the bottom of the cored interval is in the lower right comer of the box. 
The top and bottom of each core obtained and its true.depth shall be clearly and- permanently marked on 
each box. The width of each row must be compatible with the core diameter to prevent tateral movement 
of the core in the box. Similarly, an empty space in a row shall be filled with an appropriate filler material 
or spacers to prevent longftudinat movement of the core in the box. 

The inside and outside of the core-box #id shall be marked by indetible ink.to show all pertinent data on the 
box’s contents. At a minimum, the following information shall be included: 

. Project name. 
l Project number. 
o Boring number. 
l Run numbers. 
0 Footage (depths). \ 
0 Recovery. 
o RQD (%). 
0 Box number and total number of boxes for that bonng (Example: Box 5 of 7). 

1 

For easy retrieval when core boxes -are stacked, the. sides and ends of the box shall also be iabeled and 
include project number, boring number, top and bottom depths of core and box number. 

Prior to final closing of the core box, a photograph of the recovered core and the labeling on the inside 
cover shall be taken. If moisture.oontent is not critic&, the-core shall be wetted and wiped cl&n for the 
photograph. (This will help to show true colors and bedding features in the cores)., 
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ATTACHMENT A 

DRILLING EQUIPMENT SIZES 

* Add twice the casing wall thickness to casing d.D. to obtain the approximate O.D. of the external 
pipe couplings. 
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ATTACHMENT A 
DRlLLING,EQUiPMENT SIZES 
PAGE TWO 

Drilling Component Designation or- 
Hole Size (l:k-S) 

I.D. ‘Coupling I.D. 1 
(Inches) (Inches) 

(Inches) 

Flush Coupled Casing RX 1 7116 1 3116 I 3116 
(Ref. 7) 

Ex 1 13116 I 518 -I 112 

Ax 2-m 2’ 1 29132 

BX 2 718 2 Q/l6 2 318 

NX 3 v2 3 3116 3 

HX 4 112 4 118 3 15l16 

Flush Joint Casing (Ref. 7) RW 1 7/16 1.‘3/16 

1 13116 1 II2 

AW 2 Ii4 1 29132 

BW 2 718 2 318 

NW, 31/2 3 

4112 HW 4 

PW 5 112 5 

SW 6 518 6 

uw- 7 5t8, 7 

'zw 8 518 8 

Diamond Core Barrels EWN. ~1112 718” 
(Ref. 7) 

AWM 1 7i8 1 l/6” 

BWM 23l8 1 .5/8” t 

'. 
H Because of the fragile nature of the core and the difficulty to identify rock details, u’se of small- s 

diameter core (1 318”) is not recommended. 
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TtNUS SOP SA-d .3 - Soil Sampling 













































TtNUS SOP SA-7.1 - Decontamination of Field Equipment 
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US SOP 34-6.1 - Non-Radiological Sample Handling 
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0 R Tetra Tech NUS, Inc. EQUIPMENT CALIBRATION LOG 

PROJECT NAME : INSTRUMENT NAME/MODEL: 

SITE NAME: MANUFACTURER: 

PROJECT No,: SERIAL NUMBER: 

Standard 



LA fetra Tech NUS, Inc. 

PROJECT NAME: 
PROJECT NUMBER: 
DRILLING COMPANY: 
DRILLING RIG: 

BORlNl - - - -_._ G LOG 
Y”I\VIY” I”“.. 
DATE: 
GEOLOGIST: 
nail I rx?.. 

Page - of __ 

UI\ILLClT. 

MATERIAL DESCRIPTION 
Sample Depth Blows. f Sample Lithd~gy 

NO. (Ft.) 6” or Recovery Change U 

and or RQIJ I (Depth,Ft) SOtl Dens&f S 
Typeor Run n, Sample or Conslstancy c 

Remarks 

” Include monitor reading in 6 foot intervals @ borehde. 

Remarks: 
Increase reading frequency if elevated rapcnse read. Drilling Area 

Background @pm): j-1 

Converted to Well: Yes No Well I.D. #: 



Tetra Tech NUS, Inc. SOIL & SEDtMENT SAMPLE LOG SWEET 

Page- of _ 

Project Site Name: 
Project No.: 

Sampie ID No.: 
Sample Location: 

[I Surface Soil 
n Subsurface Sbl 
0 Sediment 
D Other: 
0 QA Sample Type: 

Sampled By: 
C.O.C. No.: 

Tybe of Sample: 
n Low Coricentration 
n High Concentration 

MSIMSD Duplicate ID No.: 
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